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Abstract

Background Intestinal malrotation in neonates or infants

may require urgent surgical treatment, especially when

volvulus and vascular compromise of the midgut are sus-

pected. Successful laparoscopic management of malrotation

has been described in a number of case reports. It remains

unclear, however, whether laparoscopy for the treatment of

malrotation has a success rate equal to that of open surgery

and what relative risks exist in terms of conversion and redo

surgery in larger numbers of patients. This report describes

a retrospective analysis of the clinical outcome for 45

children who underwent laparoscopic treatment of intestinal

malrotation at the authors’ institution.

Methods The 45 patients in this series, ages several days

to 13 years, underwent a diagnostic laparoscopy for sus-

pected intestinal malrotation. For 37 patients, malrotation

with or without volvulus was diagnosed. All these patients

underwent laparoscopic derotation and Ladd’s procedure.

Results Successful laparoscopic treatment of intestinal

malrotation could be performed in 75% of the cases

(n = 28), and conversion to an open procedure was nec-

essary in 25% of the cases (n = 9). The median hospital

stay was 11 days (range, 2–60 days). Postoperative clinical

relapse due to recurrence of malrotation, volvulus, or both

occurred for 19% of the laparoscopically treated patients

(n = 7). These patients underwent laparoscopic (n = 1) or

open (n = 6) redo surgery.

Conclusion Diagnostic laparoscopy is the procedure of

choice when intestinal malrotation is suspected. If present,

malrotation can be treated adequately with laparoscopic

surgery in the majority of cases. Nevertheless, to prevent

recurrence of malrotation or volvulus, a low threshold for

conversion to an open procedure is mandated.

Keywords Gastrointestinal surgery � Laparoscopy �
Malrotation � Neonates

Intestinal malrotation comprises a spectrum of rotational

abnormalities that may lead to a variety of clinical symp-

toms in neonates, infants, and older children [1–3].

Embryologically, intestinal nonrotation and incomplete

rotation coincide with a narrow base of the mesentery. In

neonates and young children, this may lead to midgut vol-

vulus and duodenal obstruction (due to Ladd’s peritoneal

bands or intrinsic duodenal obstruction), which can present

acutely. In older children, intermittent volvulus and bowel

obstruction can present with chronic abdominal symptoms.

In any case, the operative management consists of

derotation, widening of the mesenteric base, and, where

appropriate, division of Ladd’s bands. An incidental

appendectomy may be performed as well.

The excellent feasibility of laparoscopy in pediatric

gastrointestinal surgery has led to a dramatic increase in the

scope of procedures performed laparoscopically [4]. More

than a decade ago, we first described the laparoscopic

management of intestinal malrotation with midgut volvulus

in a neonate [5]. Since then, a number of case reports and

several smaller series have confirmed the feasibility of

laparoscopy in the treatment of intestinal malrotation.

Recently, in a retrospective case series of more than 40

children with an average age of 5.7 years, laparoscopy
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significantly reduced the time to full feeds and the hospital

stay relative to open surgery, despite a high conversion rate

(33%) [6]. However, the data on the rates of success,

conversion, and reoperation after laparoscopic manage-

ment of malrotational abnormalities still are scarce, espe-

cially for neonates and younger children.

We report the clinical outcomes for laparoscopic cor-

rection of intestinal malrotation in a cohort of 37 patients

treated at our institution.

Methods

Patients

Between February 1995 and September 2009, 45 patients

underwent a laparoscopy for suspected intestinal malrota-

tion. The indication for surgery was based on clinical signs

and symptoms as well as ultrasound and an upper gastro-

intestinal contrast study.

Surgery

All surgeries were performed at the Wilhelmina Children’s

Hospital by an attending pediatric surgeon. The children all

were hemodynamically stable. Surgery was performed as

described previously [5] with the child in supine position,

initially with the aid of three 5 mm trocars and later with

two 3 mm trocars for instrumentation.

The vitality and rotational status of the intestines were

assessed at laparoscopy. The intestines were rotated by

gentle brushing, and Ladd’s bands were divided where

appropriate, widening the base of the mesentery as much as

possible. Concurrent volvulus in 5 of 37 patients was

managed laparoscopically in 4 cases. Appendectomy was

performed in most cases. Feeding was resumed the day

after surgery, and the child was discharged from the hos-

pital after return to full feeding and full recovery.

Statistics

Results are presented as median or mean ± standard error

unless otherwise indicated.

Results

Patient characteristics

A total of 45 patients underwent laparoscopy for suspected

intestinal malrotation. For eight of the patients, no malro-

tation was found, and their alternative diagnoses included

gastrointestinal reflux and internal herniation. For the

remaining 37 patients, intestinal malrotation was confirmed

at laparoscopy, and correction of the abnormalities was

subsequently attempted. This group consisted of 22 boys

and 15 girls with an average age of 1.3 years (range, 4 days

to 13 years of age). Of these patients, 22 were 2 months

old or younger. The average weight was 8.7 kg (range, 2.2–

61 kg). Nine patients had concomitant congenital or

chromosomal abnormalities. The patient characteristics are

summarized in Table 1.

Surgery

The average operating time was 115 ± 7.8 min for all

procedures. For eight patients (24%), conversion to an open

procedure was necessary, mainly due to problems with

orientation and insufficient exposure for adequate broad-

ening of the mesenteric pedicle. For two patients, conver-

sion was necessitated by concomitant duodenal atresia,

which was managed by duodenoduodenostomy. Interest-

ingly, the rate of conversions did not differ significantly

between patients younger than 2 months and older patients

(23% and 27%, respectively).

Postoperative outcome

The median hospital stay was 11 days (range, 2–60 days).

Postoperative clinical relapse due to recurrence of malro-

tation, volvulus, or both occurred for 19% of the laparo-

scopically treated patients (n = 7). These patients

underwent laparoscopic (n = 1) or open (n = 6) redo

surgery. For most of the patients, renewed derotation and

additional division of Ladd’s bands were necessary. The

in-hospital and 30-day mortality rates were zero. One child

with multiple congenital malformations died 1 year post-

operatively due to a luxated percutaneous endoscopic

gastrostomy catheter. Nine patients had postoperative

complications other than recurrence of intestinal malrota-

tion including fever necessitating administration of anti-

biotics, urinary tract infection, wound infection, and line

sepsis.

The overall average hospital stay was 11 ± 2.0 days

(range, 2–60 days). Several relatively long hospital stays

Table 1 Patient characteristics

Average age: years (range) 1.3 ± 0.6 (4 days–

13 years)

\2 months (n) 22

[2 months (n) 15

Male/female (n) 22/15

Average weight: kg (range) 8.7 ± 2.0 (2.2–61)

Patients with concomitant congenital

disease (n)

9
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were experienced by children with multiple congenital

abnormalities requiring multidisciplinary care. The post-

operative outcome data are summarized in Table 2.

Discussion

The rapid expansion of laparoscopic surgery in the pedi-

atric population has led to decreased morbidity and a

shorter hospital stay for a number of procedures [4]. With

regard to the treatment of malrotation, however, there is a

paucity of data on the laparoscopic approach.

Several questions need to be answered. First, is the

laparoscopic technique feasible for diagnosis and correc-

tion of intestinal malrotation? This is especially relevant

because in intestinal malrotation, a complete overview by

‘‘spreading out’’ the intestinal tract is mandated for the

degree of nonrotation and the status of the mesentery to be

assessed adequately. A number of case reports have

detailed the technique required for adequate correction of

rotational abnormalities in older children [7–10] and neo-

nates [5], and also when volvulus is present [5, 11, 12].

Second, what are the results in terms of postoperative

complications, redo surgery, and hospital stay when larger

groups of patients are taken into account? Several retro-

spective case series have shown that laparoscopic treatment

of intestinal malrotation is feasible in most cases, with

good perioperative outcomes [6, 13–17]. These studies are

summarized in Table 3.

Interestingly, two studies included only neonates or

infants with volvulus, and both show that in well-selected

patients, laparoscopy is feasible in such cases [15, 17]. One

larger series of 43 children (average age, 5.7 years) shows

that laparoscopy is associated with a shortened time to full

feeds and a shorter hospital stay but that a significant

number of patients require conversion, reoperation, or both

due to postoperative volvulus [6].

Our results show that laparoscopy is feasible even for

correction of malrotation in both the neonatal and infant

population (average age, 1.3 years). The rates of conver-

sion are deemed acceptable and do not differ significantly

by age group. As stated in previous studies [6, 15], we

concur that outcome may depend largely on the ability to

completely identify, assess, and correct the intestinal and

mesenteric anatomy. In retrospect, given our relatively

high rate of reoperations (19%) and low rate of conversion,

we suggest that conversion to an open procedure should be

done with a low threshold when there is any doubt that an

adequate result can be reached laparoscopically. Reopera-

tions should not be performed laparoscopically.

Third, how do the results of laparoscopy compare with

those of open correction in the longer term? Short-term

results, including recurrence of intestinal malrotation and

volvulus (usually within the first 6 months), have been

described in most of the aforementioned studies. However,

although the long-term complications of open correction

(including adhesive bowel obstruction and chronic abdom-

inal complaints) are well established [1, 18, 19], these

remain to be determined for the laparoscopic procedure.

To answer these questions definitively, randomized and

long-term research is warranted. In the meantime, we

Table 2 Summary of outcomes

Diagnostic laparoscopy (n) 45

Malrotation (n) 37

Average operating timea (min) 115 ± 7.8

Conversion: n (%) 9 (25)

Due to concern for orientation (n) 5

Due to concomitant duodenal atresia (n) 2

Due to technical/other problems (n) 2

Conversion in patient age \2 to [2 months (%/%) 23/27

Redo surgery: n (%) 7 (19)

Open procedure (n) 6

Laparoscopic procedureb (n) 1

Hospital length of stay: days (range) 11 ± 2.0

(2–60)

a Average operating time including conversions. Average time

excluding conversions was 112 ± 7.8 min. For one child with con-

comitant hiatus hernia, a laparoscopic Thal procedure was performed

in the one session with correction of malrotation (total operating time,

170 min)
b Redo laparoscopy performed for recurrent malrotation with dero-

tation and additional division of Ladd’s bands. Re-redo procedure

(open) performed several days later for recurrent malrotation

Table 3 Review of case series

([3 patients included)
Study No. of patients

(no. with volvulus)

Average age Conversion

(%)

Reoperation

(%)

Fraser et al. [6] 43 (unspecified) 5.7 years 33 2.4

Palanivelu et al. [17] 7 (7) 7–12 years 0 0

Bass et al. [13] 12 (0) 5 days–4 months 0 0

Mazziotti et al. [16] 7 (0) 7 years 0 0

Draus et al. [14] 8 (0) 10 weeks–25 years 12 0

Kalfa et al. [15] 5 (5) 9 days 20 20
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propose that laparoscopy is preferable when intestinal

malrotation is suspected and appropriate for correction of

malrotation provided a low threshold for converting to

open surgery is maintained.
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